Licorice is the roots and stolons of Glycyrrhiza uralensis which have several chemical compounds. Triterpene saponins such as glycyrrhizin and glycyrrhetinic acid and flavonoids like liquiritin, isoliquiritigenin and glabron are main compounds detected in liquorice root. The plant's major constituent is a glycyrrhizin. The β-amyrin 11-oxidase catalyzes the sequential two-step oxidation of β-amyrin in C-11 to produce 11-oxo-β-amyrin, a possible biosynthetic intermediate between β-amyrin and glycyrrhizin. In this study, the total RNA was extracted from licorice roots and cDNA synthesis, then PCR products were cloned into pTZ57R/T vector. Sequencing confirmed piece length of 1482 bp that encodes a protein of 493 amino acid residues. The results of alignment showe d 99% similarity to β-amyrin sequence of Glycyrrhiza uralensis. Subcellular studies using Softberry and Psort software showed that the activity of this protein is in endoplasmic reticulum. Moreover the protein has a signal peptide and is targeted to the secretory pathway. The results of phylogenetic tree determined most similar amino acid sequence to the CYP88D subfamily of cytochrome P450. These findings can be used for nucleotide or protein manipulation and transformation.
Introduction
Licorice, the roots and stolons of Glycyrrhiza (G. glabra and G. uralensis) , is widely used in the foods and pharmaceutical industries in various countries (Bi et al., 2010; Tian et al., 2008) . A number of components have been isolated from the roots of Glycyrrhiza glabra, including triterpene saponins (glycyrrhizin, soyasaponins), Flavonoids (liquritin, glabrol), isoflavones (glabrene, glabridin), chalcones (isoliquiritin), coumarines (liquocoumarin) and polysaccharides (Wittschier et al., 2009) . Licorice contain one of the most important crude drugs in the world called glycyrrhizin, which constitutes up to 14% of total soluble solids content (Ibanoglu and Ibanoglu, 2000; Nassiri-asl and Hosseinzadeh, 2008; Shibata, 2000) . Glycyrrhizin, an oleanane-type triterpene saponin, is about 50 times sweeter than sugar which is being used as a sweetener and flavoring additive in the food industry (Chin et al., 2007) . It has a wide range of pharmacological, anti-bacterial and anti-oxidant activities (Varsha et al., 2013) , hepato-protective (Chan et al., 2003; Jeong et al., 2002; Kimura et al., 2001) , antiulcer (He et al., 2001) , antiallergy (Park et al., 2004) . anticancer (Fiore et al., 2004; Salvi et al., 2003; Yoon et al., 2005) , antiviral activity against various DNA and RNA viruses (Fiore et al., 2008) , including HIV (De Clercq, 2000) and severe acute respiratory syndrome-associated coronavirus (Cinatl et al., 2003) . Biosynthesis of triterpenoids in licorice starts with conversion of two molecules farnesyl diphosphate (FDP) by the squalene synthase enzyme (SQS) to squalene (Lu et al., 2008) . Squalene epoxidase oxidizes the squalene to produce 2,3-oxidosqualene (Seki et al., 2011) . In the next stage, oxidosqualene cyclases (OSCs) cyclization of 2,3-oxidosqualene, an intermediate of both triterpenes and phytosterols (Haralampidis et al., 2002) . In G. glabra, three OSCs: β-amyrin synthase (bAS), lupeol synthase (LUS) and cycloartenol synthase (CAS) were cloned and characterized. These three enzymes are responsible for the branching biosynthesis step of oleanane-type triterpene saponins (glycyrrhizin and soyasaponins), lupane-type triterpene and phytosterols, respectively (Hayashi et al., 2000; Hayashi et al., 2001) . Cytochrome P450s play critical roles in oxidative reactions during the biosynthesis of diverse natural plant products, including terpenoids. β-amyrin oxidation in C-11 and C-30 positions produced glycyrrhizin, C-22 and C-24 positions led to the soyasaponins production (Hayashi et al., 2000; Hayashi et al., 2001; Hayashi and Sudo, 2009; Seki et al., 2008) . β-amyrin 11-oxidase catalyze two sequential oxidation steps of β -amyrin at the C-11 position to yield 11-oxo-β-amyrin (Seki et al., 2008) . β-amyrin 11-oxidase plays a key role in engineering the competitive pathway of glycyrrhizin or soyasaponin production and converts intermediate compound of β-amyrin to glycyrrhizin. In this study, the complete cDNA of β-amyrin 11-oxidase was isolated from Glycyrrhiza glabra and then subsequently cloned. The protein sequences compared with other cytochrome P450 family involved in the triterpenoids oxidation. Some features of the protein were predicted using in silico analysis. There is no information about bioinformatics features of β-amyrin 11-oxidase protein sequence until now. These findings about nucleotide and protein of β-amyrin 11-oxidase can be used for the futhure researches for nucleotide or protein manipulation, metabolite engineering and transformation.
Results

Molecular cloning of β-amyrin 11-oxidase from G. glabra
The PCR was reproduced a 1482 bp fragment using specific primers. Clony PCR test and double digestion with XbaI and BamHI also showed a 1482 bp band from pTZ57R/T clone. Sequencing results showed that cDNA, encoding β-amyrin 11-oxidase is completely isolated from Glycyrrhiza glabra. This fragment starts with ATG codon and ends with TAG and encodes a predicted protein with 493 amino acid residues. This sequence was recorded in Genbank (KP851192). The amino acid and nucleotide sequence alignment (BLAST finding) showed that β-amyrin 11-oxidase from G. glabra has 99% nucleotide (AB433179.1) and 99% amino acid (B5BSX1.1) similarity compared with G. uralensis. Phylogenetic tree was generated based on a multiple sequence alignment among the deduced protein and other proteins of cytochrome P450 from the CYP88 family. The results showed this protein has the most similarity with cytochrome P450 from the CYP88D subfamily ( Fig. 1 and Table 1 ). Proteins of CYP88 family cytochrome P450 involved in the triterpenoids oxidation.
In silico and physicochemical properties of the β-amyrin 11-oxidase protein
The primary characterization analysis of β-amyrin 11-oxidase protein from G. glabra was performed using ProtParam tool. The molecular formula of the protein was predicted to be C 2540 H 3999 N 683 O 712 S 24 with a relative molecular mass and an isoelectric point of 56266.2 D and 8.51, respectively. Instability index of the protein has been calculated 42 that reveals this protein is an unstable protein (stable proteins have instability parameter <40) and the protein may need to be processed after translation for more stability. The half-life of the protein in vitro condition was calculated 30h because of having methionine at the N-terminal end of it. Aliphatic index, as an important factor in assessing the protein resistant to heat was calculated 94.73. The maximum amount of hydrophobicity was -0.179 and 57 of amino acids had negative charge (Asp + Glu) and 62 of them positive charge (Arg + Lys).
Hydrophobicity properties of the β-amyrin 11-oxidase protein
The hydrophobicity pattern was calculated using ProtScale with Kyte and Doolittle method (Kyte and Doolittle, 1982) . The lowest score was -3.044 in position 329 (glutamic acid) in polypeptide chain and highest score was 2.611 in position 298 (leucine) that are related with the strongest and weakest locations of hydrophilicity. The hydrophobic and the hydrophilic domain were located above and below the zero line, respectively (Fig. 2) .
Secondary structure the β-amyrin 11-oxidase protein
Study of the protein secondary structure using SOPMA tool showed that this protein has 231 α-helix (46.86%), 87 extended strand (17.65%), 33 β-turn (6.69%), 142 random coil (28.80%) (Fig. 3) .
Subcellular localization of the β-amyrin 11-oxidase protein
Study of the subcellular localization using Softberry and Psort softwares showed the activity and subcellular localization of this protein is in the endoplasmic reticulum membrane (Fig. 4) .
Signal peptide sequence of the β-amyrin 11-oxidase protein
The Softberry and TargetP softwares showed the protein has a signal peptide and is located in the secretory pathway (Fig.  4) . SignalP-3 also predicted the presence of signal peptide in the protein.
Transmembrane segments of the β-amyrin 11-oxidase protein TMHMM tool showed the protein has a transmembrane helix at positions of amino acids 3-21 and amino acids 22-493 are toward outside (Fig. 5) .
Active site of the β-amyrin 11-oxidase protein
Using Prosite, the active site of β-amyrin 11-oxidase protein specified
sequence as a protected pattern of the protein, amino acid cysteine (C) is ligand of iron-hem. This motif included amino acids 432-441 and containing of FGAGSRLCPG (Scan Prosite and Pfam).
Tertiary structure of the β-amyrin 11-oxidase protein
Three-dimensional protein structure prediction was performed using I-TASSER software and was analyzed using Chimera software. In structure of this protein, transmembrane helix, hydrophobic amino acids, surface structure and active site were specified (Fig. 6) .
Discussion
P450 and reductase form the P450 system are grouped in three main types. The first types are the members of the eukaryotic Cytochrome P450 superfamily, that are related to the membrane of the endoplasmatic reticulum and called "microsomes type" type (Omura, 2010) . The results of subcellular localization of the β-amyrin 11-oxidase protein showed that this protein belongs to this group. The protein group synthesized by membrane-bound ribosomes and anchored by hydrophobic N-terminus (with around 20 amino acids of the N-terminus) into the membrane (De Montellano, 2005; Lee et al., 2008; Poulos and Meharenna, 2007; Urlacher and Eiben, 2006) . The TMHMM tool also showed transmembrane helix at positions of amino acids 3-21 in β-amyrin 11-oxidase protein. Different P450 families have low sequence identity <20%, although their structures have a strong conserved topology and three-dimensional fold. All P450s have the same catalytic center, which consists of a heme B molecule, by which the P450s is connected to the protein by a thiolate bond to a highly conserved cysteine residue (Schuckel, 2012) . Prosite analysis confirmed that amino acid cysteine (C) is ligand of iron-hem in isolated β-amyrin 11-oxidase. If this thiolate bond is missing, the active P450s will be shifted to inactive species. Function of CYP88 family proteins is oxidation of triterpenoids (Seki et al., 2008) . In this study, the phylogenetic tree was obtained (5) The active site of protein from the CYP88 family and confirmed that CYP88A and CYP88D subfamily were in two separate groups. Some members of the CYP88A subfamily in Arabidopsis, barley and peas are biochemically ent-kaurenoic acid (diterpenoid) oxidase that their functions are in biosynthesis of gibberellin (Davidson et al., 2003; Helliwell et al., 2000) . Unlike CYP88A subfamily that is scattered in different plants, it seems that CYP88D subfamily is limited to Fabaceae plants. CYP88D subfamily has activity on β-amyrin 11-oxidase or other triterpenoids substrates and each one has a special reaction feature (Seki et al., 2008) . This study showed 99% similarity of this gene between G. uralensis and G. grabla that indicates the same role of this enzyme in the biosynthesis pathway of glycyrrhizin in the two species. The glycyrrhizin is generally found in the wooden parts of thickened roots, while does not exist in the aerial organs, rootlet and root nodules. There is an inverse relationship between glycyrrhizin and soyasaponin (Hayashi, 2009) . Soyasaponin observed in all parts of the plant, and in contrast to glycyrrhizin, is mostly observed in younger parts of stolons.
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Both glycyrrhizin and soyasaponins are oleanane-type triterpene that β-amyrin is the intermediate compound for production both of them (Hayashi et al., 2004) . The mRNA of β-amyrin 11-oxidase from G. uralensis is only expressed in the roots and stolons and no expression was observed in the stem and leaves (Seki et al., 2008) . Many studies have reported non-production of glycyrrhizin through tissue culture methods (Hayashi, 2009; Hayashi et al., 1998) . β-amyrin oxidation in C-11 and C-30 positions produced glycyrrhizin, which this oxidation is blocked in cell culture and instead β-amyrin is oxidized in C-22 and C-24 positions and converted to soyasapogenol B. On the other hand, the glycyrrhizin processing is related to the collection of perennial roots from the ground, and in some parts of world, non-harvesting rules have been applied due to indiscriminate harvesting of roots (Yamamoto and Tani, 2005) . Therefore, it can be suggested that this gene plays a key role in engineering the competitive pathway of production of glycyrrhizin and soyasaponin and converts intermediate compound of β-amyrin to glycyrrhizin. Findings of this study resulted better identifying and understanding the characteristics of this enzyme that can help to better engineering of glycyrrhizin biosynthesize pathway.
Materials and Methods
Plant materials, cDNA synthesis and PCR reaction
Seeds of Glycyrrhiza glabra were provided by Pakan Bazr Company (Isfahan, Iran). The seeds were soaked in H 2 So 4 (98%) for 20 min and washed with distilled water, then were sown in the small pot. Total RNA was extracted from G. glabra fresh root tissue using RNX-plus solution (SinaClonIran). Single-strand cDNA was synthesized using the primers oligo (dT) and reverse transcriptase M-MLV (Thermo Fisher). In order to amplify the encoding region of β-amyrin 11-oxidase, the forward primer 5'-ATGGAAGTACACTGG-GTTTGC-3' and revers primer 5'-CTACGCACATGAAA-CCTTTATC-3' (SinaClon-Iran) were designed using the Oligo-7 software. Polymerase chain reaction was carried out in total reaction volume of 20 µl containing one µl of cDNA, PCR buffer, 3.75 mM of MgCl2, 0.5 mM of dNTP, 0.5 pmol of each primers and 0.5 units of Long PCR enzyme (Thermo Fisher). The PCR procedure was as follows: 94 ºC for 5 min; 94 ºC for 1 min, annealing at 55 ºC for 1 min and extension at 72 ºC for 1:30 s (35 cycles) and a final extension at 72 ºC for 10 min. After electrophoresis, the amplified fragment from the gel was purified using a DNA extraction kit (Thermo Scientific).
Molecular cloning of β-amyrin 11-oxidase cDNA
Ligation was done between the PCR product and pTZ57R/T vector using T4 enzyme (Thermo Fisher). Cloning was performed using E. coli DH5a and The Thermo Fisher InsTAclone PCR Cloning kit. The recombinant clones were selected in LB medium with Ampicillin antibiotic. In order to verify transformed clone, three rapid screening methods (Clony PCR), digestion and sequencing were used. Plasmid was extracted and digested with XbaI and BamHI. Sequencing was performed (Faza pajoh-Iran) using M13 primers in forward and backward directions.
Bioinformatics analysis of the β-amyrin 11-oxidase
After sequencing, the chromatogram was studied with chromas ver 2.4 software and DNA Baser ver 4.20 (http://dna-baser-sequence-assembler.soft112.com/). After assurance of appropriate quality of sequences, NCBI database was searched to find similar sequences using the BLAST tool. Obtained amino acid sequence and nucleotide sequence were compared with G. uralensis sequence. Multiple Alignment of amino acid sequence and drawing the phylogenetic tree of CYP88 family proteins were performed using the (http://www.ebi.ac.uk/Tools/msa/clustalo/) and MEGA5 (http://www.megasoftware.net/). Protein secondary structure was determined by SOPMA tool (https://npsaprabi.ibcp.fr/) and other characteristics of the protein were determined using the following softwares: Protparam (http://web.expasy.org/protparam/), PSORT, Protscale (http://web.expasy.org/protscale/), Softberry (http://www.softberry.com), Psort (http://psort.hgc.jp), TargetP (http://www.cbs.dtu.dk/services/TargetP/), SignalP-3 (http://www.cbs.dtu.dk/services/SignalP), Prosite (http://prosite.expasy.org), TMHMM (http://www.cbs.dtu.dk/services/TMHMM), Scan Prosite (http://prosite.expasy.org/scanprosite/), Pfam (http://pfam.xfam.org), I-TASSER (http://zhanglab.ccmb.med.umich.edu/I-TASSER).
Conclusion
In this study, β-amyrin 11-oxidase cDNA was cloned into pTZ57R/T vector. Sequencing confirmed a fragment with the length of 1482 bp that encodes a protein of 493 amino acid residues. Transmembrane study showed that the protein has a transmembrane helix at positions of amino acids 3-21 and amino. The amino acid cysteine (C), ligand of iron-hem, was found in isolated β-amyrin 11-oxidase. Subcellular studies showed that the activity of this protein is in endoplasmic reticulum. Moreover, the protein has a signal peptide and is targeted to the secretory pathway. The results of phylogenetic tree determined most similar amino acid sequence to the CYP88D subfamily of cytochrome P450. These findings about of β-amyrin 11-oxidase can be used by other researchers to work on nucleotide or protein manipulation, metabolite engineering and transformation.
